Development of Additive Manufacturing for
Ceramic Matrix Composite Vanes
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This review covers the motivation, project plan, and Year 3 progress on our t$tigported
project

Motivation: enablesuperalloylike cooling features in CM{ike materials to enable
higher temperature operation

Approach: push polymederived ceramics development through additive
manufacturing engineering, polymer science, part design, and performance verificatior

Project plan: execute simultaneous materials/design/process engineering to regularly
produce vane test articles

Current progress




To achieve DOE firing temperature targets and push higher thermodynamic efficiency, eve

advanced CMC materials will require some cooling
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Klocke, et al., CIRP Annals, 2014

Melt-infiltrated woven CMC
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https://technology.nasa.gov/patent/LEW-TOPS-25

Binder-jet CMC with pass-through cooling

https://ntrs.nasa.gov/search.jsp?R=20160010285 2019-02-
28T01-25-33+00:007

Project goal: enable complex cooling features in CMC-like materials for
realistic shapes and confirm cooling benefit
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Our approach is to develop novel chemistries and manufacturing processes, coupled with

design optimization, to create internally cooled ceramic vanes that can be tested
Dr. Carl Frick
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The project has five technical tasks that addrge®scess engineeringnaterial development
modeling, and

Task 1. Project management
Success criteria: Project Coordinator delivers all required reports to NETL

Task 2: Design, fabrication, and testing of SIOC/SiC baseline vane
Success criteria: project team is able to obtain surface temperatures on baseline SIOC/SIC internally cooled vane test articles
tested in the transonic cascade at Penn State

Task 3: Modeling and optimization of ceramic turbine vane designs
Success criteria: mechanical and thermal stresses reduced by 10% from baseline to optimized; increase overall cooling
effectiveness by 0.05 relative to baseline

Task 4. Development of new precursor chemistries
Success criteria: demonstrate that new precursors have equivalent or better material properties than baseline formulation

Task 5: Integrate new precursor chemistries into AM process
Success criteria: project team is able to deliver a baseline vane part for transonic cascade testing using new chemistry

. Fabricate and test optimized vanes with new chemistries
Success criteria: project team obtains surface temperatures on optimized AM vane and shows overall cooling effectiveness
increase relative to baseline




Task 2.1: Fabrication, assembly, and testing procedures for AM jabricated ceramic vanes
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Linear cascade and test hardware (1% stage vane, NASA C3X) Calibration vane with spatial markers visible in IR

® AM ceramic test insert

AM-fabricated
coolant routing

Coolant



Task 2.1: The aerodynamics of the high speed cascade were benchmarked, and a novel t
pressure measurement technique using PIV was developed for aerodynamic characterizat
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Task 2.2: New baseline resin formulations were developed with more pyrolysis success in

feature size range of interest

Prior formulation:
1:2 wt% VMS:PEGDA
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[3:4 VMS:PEGDA]

Printed Green Body

S\

A)

No UV
Post Cure

Y

No Oven or
Toluene
Processing

Y

Pyrolysis at 1050°C in Ar

T

Ceramic Bar

Ceramic Yield - 28%
Survival - 95%

¥

N

D)

W
20 min.

250°C in Ar
5 hours

il

Pyrolysis at 1050°C in Ar

T

Ceramic Bar

Ceramic Yield - 48%
Survival - 97%

UV Lam
U 20 min. L

Toluene bath
24 hours

Pyrolysis at 1050°C in Ar

ol

Ceramic Bar

Ceramic Yield - 49%
Survival - 95%

UV Lam
U 20 min. H

No Oven or
Toluene
Processing

Y

Pyrolysis at 1050°C in Ar

T

Ceramic Bar

Ceramic Yield - 44%
Survival - 40%

Bending Stress (MPa)

140

120

Task 2.2: Creation of a new peptocessing procedure for green bodies resulted in even hig
survivability and ultimate bending stress of over 100 MPa for test bars
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Task 2.2: The resulting process improvements were able to generate airfoils with good
dimensional tolerance and high survivability in pyrolysis

Green part
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